The time course of intracranial pathophysiological changes following experimental subarachnoid haemorrhage in the rat.
The rat subarachnoid haemorrhage (SAH) model was further studied to establish the precise time course of the globally reduced CBF that follows and to ascertain whether temporally related changes in cerebral perfusion pressure (CPP) and intracranial pressure (ICP) take place. Parallel ultrastructural studies were performed upon cerebral arteries and their adjacent perivascular subarachnoid spaces. SAH was induced by a single intracisternal injection of autologous arterial blood. Serial measurements of regional cortical CBF by hydrogen clearance revealed that experimental SAH resulted in an immediate 50% global reduction in cortical flows that persisted for up to 3 h post SAH. At 24 h, flows were still significantly reduced at 85% of control values (p less than 0.05), but by 48 h had regained normal values and were maintained up to 5 days post SAH. ICP rose acutely after haemorrhage to nearly 50 mm Hg with C-type pressure waves being present. ICP then fell slowly, only fully returning to control levels at 72 h. Acute hydrocephalus was observed on autopsy examination of SAH animals but not in controls. Reductions in CPP occurred post SAH, but only in the order of 15%, which could not alone account for the fall in CBF that took place. At 48 and, to a lesser extent, 24 h post SAH, myonecrosis confined largely to smooth muscle cells of the immediately subintimal media was observed. No significant changes in the intima or perivascular nerve plexus were seen. Within 24 h of haemorrhage, a limited degree of phagocytosis of erythrocytes by pial lining cells took place. However, early on the second day post SAH, a dramatic increase in the numbers of subarachnoid macrophages arose from a transformation of cells of the pia-arachnoid. This period was characterised by intense phagocytic activity, erythrocytes, fibrin, and other debris being largely cleared over the next 24 h. At 5 days post SAH the subarachnoid macrophage population declined, cells losing their mobile active features to assume a more typical pia-arachnoid cell appearance once more. Our studies indicate that this increasingly utilised small animal model of SAH develops global cortical flow changes only acutely, and it is likely that early vasospasm, secondary to released blood products rather than pressure changes per se, is responsible for the initial cerebral ischaemia that develops. Interestingly, both cerebral arterial vasculopathy and perivascular macrophage phagocytic activity are most marked at approximately 48 h following SAH in the rat, a time at which a phase of delayed cerebral arterial narrowing has previously been documented.